By Express Mail # EL/489599589US 



APPLICATION FOR UNITED STATES 
LETTERS PATENT 



Transmission For Wind Generators 



Inventor: 

Helmut HOSLE 



By Express Mail # EM89599589US 



BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The invention relates to a transmission for wind generators of the type having a 
rotor connected to at least one generator via a multi-stage transmission and a spur gear. 

2. Description of the Related Art 

DE 199 17 605, to wlich U.S. Serial No. 09/552,113 corresponds, shows a shaft- 
mounted transmission for wind gXerators. This transmission is mounted on a rotor shaft 
supported in the tower of a wind pofcver plant and is supported on the shaft via two bearings. The 
transmission housing is attached tojthe tower of the plant by means of torque arms. 

The rotor shaft is driven at the end remote from the transmission by a rotor head 
with wind blades and passes the driving torque into the transmission via an annular gear. The 
annular gear is secured on the rotor shaft by means of an annular gear carrier and drives the 
planetary gears of a first planetary stage. The shafts, which are mounted in a manner fixed 
relative to the housing, each carry a further planetary gear of a second planetary gear stage, 
which drives the shaft of a spur gear via a sun gear. A pinion that meshes with this spur gear 
drives the generator via another shaft. Such plants are assembled from a large number of 
components in an involved process and result in a large overall length. 
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SUMMARY OF THE INVENTION 

Taking this as a starting point, the object of the invention is to create a more 
compact plant that is of shorter and lighter construction and can be assembled more easily. 

According to the invention, the rotor is supported in the transmission housing and 
has an annular gear carrier with an annular gear fixed thereto, the annular gear forming part of 
the transmission. 

Through the elimination, in accordance with the invention, of the rotor shaft 
together with its bearing arrangement in the tower, a particularly advantageous shorter 
construction of the plant is obtained. 

This furthermore offers the advantageous opportunity to shorten the machine 
housing, and the reduced number of components means that the weight of the top of tower is 
lower, thus allowing the supporting structure to be of smaller dimensions. 

By virtue of the construction according to the invention and the elimination of a 
joint between the transmission and the rotor shaft, assembly is considerably simplified, thereby 
advantageously shortening the time for assembly. 

Thanks to uncomplicated extension of the rotor, the transmission housing and the 
annular gear carrier, the span of the rotor bearing arrangement can be extended and thus 
advantageously adapted in a simple and optimum manner to the external force conditions. 

The sliding-contact bearings provided according to the invention can 
advantageously be raised hydrostatically when starting the rotor and transferred to hydrodynamic 
operation through a simple control operation as the speed increases. 
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A crowned toothed coupling between the annular gear carrier and the annular gear 
itself allows the toothing of the annular gear to center itself on the planetary gears. 

By virtue of the advantageous integration of the rotor with its bearing 
arrangement into the transmission, the transmission housing also supports the rotor head with the 
blades, thereby making it possible to dispense with additional supporting or bearing structures. 

Other objects and features of the present invention will become apparent from the 
following detailed description considered in conjunction with the accompanying drawings. It is 
to be understood, however, that the drawings are designed solely for purposes of illustration and 
not as a definition of the limits of the invention, for which reference should be made to the 
appended claims. It should be further understood that the drawings are not necessarily drawn to 
scale and that, unless otherwise indicated, they are merely intended to conceptually illustrate the 
structures and procedures described herein. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

The sole figure is a section view of a transmission according to an exemplary 
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DETAILED DESCRIPTION OF THE PRESENTLY PREFERRED EMBODIMENTS 



The single figure shows a cut-away view of the top end of the tower (13) of a 
wind power plant with a rotatable platform (14). The housing (3) of the transmission (1) and a 
generator (not shown) are secured on the platform (14). However, it is also possible to flange the 



generator directly to the transmission (1). 

The rotary motion 
which carries the blades (12), to a 



produced by the wind is transmitted by the rotor head (11), 
rotor (10). The rotor head (1 1) is preferably bolted to the rotor 
(10), but it is also possible to produce the two parts in one piece. The rotor (10) is mounted 



rotatably in the housing (3, 8) and is provided with an annular gear carrier (7). 

The annular gear earner (7) accommodates the annular gear (6), which transmits 



the power to one or more planetary 



jears (5). Arranged in an axially offset position on the latter's 



shafts rotatably mounted in the hoi sing (3) there is in each case a further planetary gear (2), 
which meshes with a sun gear (16) From the sun gear (16), which is cantilever-mounted in a 
centered manner between the planetary gears (2), the power is passed via a hollow-bored sun 
gear shaft (17) to a hub (19), which is preferably internally toothed and is in form-locking 
engagement with external toothing oi the sun gear shaft (17) in such a way as to allow angular 
movement. The hub (19) carries a spur gear (20), which meshes with a pinion (22) that is 
preferably cut directly into the output shaft (21). From the output shaft (21), the driving power is 
passed directly or indirectly into the generator. 

Thanks to the cylindrical flanged housing (23), which is arranged concentrically 
around the spur gear (20), a plurality of output shafts (21) can be provided around the 
circumference of the spur gear (20) in a particularly advantageous manner. The output shafts- 
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(21) are preferably provided with pinions (22), as described above, and each drives a generator. 
For example, two output shafts (21) can be arranged on the flanged housing (23), one above and 
one below the spur gear (20), on the vertical axis of symmetry, and/or two output shafts (21) can 
be arranged to the left and to the right on the flanged housing (23), on the horizontal axis of 
symmetry of the spur gear (20). This advantageous arrangement is a simple and economical way 
of enabling several generators to be driven by means of one transmission (1). 

To accommodate control devices for influencing the positions of the blades, the 
rotor (10) is hollow. Adjoining the rotor (10) is a tube that passes through the flanged housing 
(23) to the opposite side of the transmission (1) from the rotor head (11) and allows actuating 
devices for the control devices to be fitted. 

An essential feature of the present invention is the integration of the rotor (10) into the 
transmission (1), the transmission (1) thus additionally assuming the function of supporting the 
weight and the operating forces of the rotor head (11) with the blades (12). In this arrangement, 
the rotor (10) transmits the driving power directly to the transmission (1) via the annular gear 
carrier (7, 7'), assuming the function of a drive shaft, and the principle of direct power 
transmission is thus achieved. By virtue of these innovations of essential significance to the 
invention, both a rotor shaft and at least one joint for transmitting the driving power, the latter 
being complicated to assemble, are eliminated. 

The rotor (10) is fcreferably guided by two sliding-contact bearings (9, 15), one 
bearing (15) being situated at one end of the rotor, within the transmission, and being secured on 
the main body of the housing 1(3). The other bearing (9) supports the rotor (10) at the end 
adjacent to the rotor head (ll)/and is secured on a transmission cover (8, 8'). At this point, at 
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which the rotor (10) emerges from the transmission (1), a sealing ring (not indicated by a specific 
reference numeral) is provided. On the exemplary embodiment illustrated, the outer bearing (15) 
is embodied as a collar bearing and can also absorb axial forces. The inner bearing (15) is 
provided as a floating bearing. Other design embodiments to absorb the axial forces are also 
possible. The bearings (9, 15) can also be embodied as rolling-contact bearings, for example. 

Thanks to the advantageous conical shape of the rotor (10), the diameter of which 
increases towards the rotor head (1 1), a high bearing capacity is obtained at the outer bearing (9) 
through the large bearing diameter. By virtue of the arrangement of the rotor (10), the bearing 
arrangement (9) can be placed right at the outside, in the transmission cover (8, 8 1 ), resulting in a 
large span between the rotor bearings (9, 15). This span can be lengthened without any effort in 
terms of design merely by making the rotor (10) and the housing (3) wider. 

^{Jo Both bearings (9, 15) are embodied as hydrostatic sliding-contact bearings, which 
can be supplied with oil by a pump (not shown) and thus have hydrostatic start-up properties. To 
start up the system, the bearings (9, ISYare raised hydrostatically by operating the electric pump 
with power from the network connected. As the speed of the rotor (10) increases, the oil pump 
can be controlled by means of/a control and regulating unit and the oil delivery pressure can be 
deliberately reduced or switched off. This enables the bearings (9, 15) to be supplied selectively 
on an individual ba^s with the required quantity of lubricating oil or the required oil pressure. It 
is thus possible Jtfo establish operating conditions in which the oil pressure in the lubricating gap 
is built UD/in part hydrodynamically and in part hydrostatically or in a purely hydrodynamic 
manner 
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In the upper half of the figure, the annular gear carrier (7) is produced in one 
piece with the rotor (10), thereby eliminating another power- transmitting joint. In this 
embodiment, the housing cover (8) is provided with a separation joint, which runs vertically in 
the exemplary embodiment illustrated. The parts of the housing cover (8), of which there are 
preferably two, are bolted together during assembly. 

^^J^^Another embodimenjf is illustrated in the lower half of the figure. In this variant, 
the annular gear carrier (7') is mounted as a separate part on the rotor (10). Here, the joint can be 
made by form locking, e.g. by means of a multi-groove or splined profile, or by force locking, 
e.g. by means of a press/shrink fit, a shrink fitting disc or a conical seat. Combinations of form- 
and force-locking, e.g. keys and shrink fitting of the cylindrical shaft/hub surfaces, are also 
conceivable. Where the annulir gear carrier (7*) and the rotor (10) are assembled, the housing 
cover (8 1 ) can be of one-piece pesign. 

In both exemplary embodiments (annular gear carrier and rotor in one or more 
pieces), the annular gear (6) is connected to the annular gear carrier (7, 7') at its outer 
circumferential surface by means of a crowned toothed coupling (4). This gives the annular gear 
(6) angular mobility and axial displaceability relative to the annular gear carrier (7, 7 1 ). As a 
result, the toothing of the annular gear (6) can center itself on the planetary gears (5). This 
toothed coupling (4) preferably comprises crowned external toothing on the annular gear (6) 
interacting with straight internal toothing on the annular gear carrier (7, 7'). 

The planetary transmission stages (6, 5, 2, 16) can be embodied with helical 
toothing without additional design effort, the axial forces of the planetary gears (5, 2) cancelling 
each other out, and advantages such as quieter running characteristics and the higher bearing 
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capacity of helical toothing being available. In this case, the axial forces acting on the annular 
gear (6) must be introduced either into the housing (3) or into the rotor (10). 

Fluctuations in the drive, which are due to nonuniform wind conditions or other 
influences, can be mitigated or compensated for by means of a flexible mounting that allows 
limited axial mobility of the sun gear shaft (17). 

By measuring the axial forces that occur at the sun gear shaft (17), it is 
furthermore possible to obtain information on the current operating data of the plant, such as the 
torque, power etc. Given a knowledge of these data, it is then possible to intervene in the 
operating process by way of control or regulation, e.g. to adjust the angle of incidence of the 
blades (12) or shut down the system in the event of an overload and a risk that the transmission 
will be destroyed. For this purpose, a sensor (18), which records the force with which the sun 
gear shaft (17) mounted in an axially flexible manner on the hub (19) presses on the hub (19), is 
preferably mounted on the hub (19), which is mounted in an axially fixed manner. A suitable 
sensor (18) for this purpose is, for example, a load cell (based on a piezoelectric, inductive or 
similar principle) or a displacement sensor, which records the relative motion of the sun gear 
shaft (17) and the hub (19) and gives indirect information on the force that arises via the spring 
constant of the flexible connecting member. 

The planetary gear shafts are supported in the planetary carrier - which forms an 
integral unit with the housing (3) - on both sides of the first planetary gears (5). Mounted on the 
free end of the shaft there is in each case a second planetary gear (2). Behind the second 
planetary gear set (2, 16), the housing (3) is closed off by a bearing cover (24) - provided with 
corresponding apertures - which is centered in a manner secure against twisting in the housing 
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(3). The flanged housing (23) surrounds the spur gear stage (20, 22) and, for its part, is centered 
in a manner secure against twisting on an encircling shoulder of the bearing cover (24). The ends 
of the output shaft (21) and of the hub (19) that face the housing (3) are supported in the bearing 
cover (24). The respective second bearing arrangements for the output shaft (21) and the hub 
(19) are inserted into the outer wall of the flanged housing (23). The use of the bearing cover 
(24) makes it possible to dispense with a horizontal split in the flanged housing (23), which 
would create a sealing problem. 

Depending on the variant embodiment, the transmission (1) can be constructed 
either as a completely preassembled unit on the platform (14) or be mounted in stages. For 
reasons connected with maintenance, the sun gear (16) can be pulled out of the transmission (1) 
together with the sun gear shaft (17) after removal of the central housing cover on the outside of 
the flanged housing (23). 

It is furthermore possible to monitor the operation of the easily accessible 
bearings of the non-revolving planetary gear shafts, e.g. by means of measurements of structure- 
borne noise. 

The advantageous introduction of power via an annular gear (6) into the first 
planetary transmission stage (6, 5), which does not require a sun gear - which would limit 
loading capacity - creates advantageous conditions for the design process, allowing a very 
compact construction. The resulting outward shift in the load limit and the consequent optimum 
exploitation of the characteristics of the materials can be further enhanced by case hardening the 
teeth of the annular gear. This particularly advantageous measure allows the teeth to be made 
narrower or the diameter of the annular gear (6) to be reduced while transmitting the same power 
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and maintaining the same transmission ratio. This enables the overall volume and weight of the 
transmission to be further reduced or a higher power to be transmitted with the same 
transmission if the dimensions of the components are retained. 

Other methods of surface hardening can also be used to increase the load limit of 
the teeth of the annular gear, e.g. induction hardening, flame hardening or combined methods 
such as carbonitriding or nitrocarburizing. 

Thus, while there have shown and described and pointed out fundamental novel 
features of the invention as applied to a preferred embodiment thereof, it will be understood that 
various omissions and substitutions and changes in the form and details of the devices illustrated, 
and in their operation, may be made by those skilled in the art without departing from the spirit 
of the invention. For example, it is expressly intended that all combinations of those elements 
and/or method steps which perform substantially the same function in substantially the same way 
to achieve the same results are within the scope of the invention. Moreover, it should be 
recognized that structures and/or elements and/or method steps shown and/or described in 
connection with any disclosed form or embodiment of the invention may be incorporated in any 
other disclosed or described or suggested form or embodiment as a general matter of design 
choice. It is the intention, therefore, to be limited only as indicated by the scope of the claims 
appended hereto. 
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